Summary Vitamin D (VD) plays an important role in bone mineralization. The present study investigates the effect of VD supplementation alone on bone turnover markers in younger postmenopausal women. It has been shown that VD supplementation in postmenopausal women with hypovitaminosis D is associated with a reduction in bone turnover markers. Purpose The purpose of this study is to evaluate the effect of VD supplementation alone on bone turnover markers in younger postmenopausal women. Methods In this double-blind, placebo-controlled trial, 160 women were randomized into the VD group (supplementation with 1000 IU of vitamin D3/day, orally; n = 80) or placebo group (n = 80). Women aged 50-65 years with amenorrhea ≥ 12 months and normal bone mineral density were included. The intervention lasted 9 months, and the participants were assessed at the beginning and end of treatment. Serum levels of total calcium, parathormone (PTH), alkaline phosphatase (AP), and 24-h urine calcium were determined. Serum C-terminal telopeptide of type I collagen (s-CTX) and procollagen type 1 N-terminal propeptide (P1NP) were measured by immunoassay as markers of bone resorption and formation, respectively. Plasma 25-hydroxyvitamin-D [25(OH)D] concentrations were measured by HPLC. Intention-to-treat analysis was performed using ANOVA, Student's t test, Tukey's test, and gamma distribution. Results Over the period of 9 months, 25(OH)D concentrations increased from 15.0 ± 7.5 to 27.5 ± 10.4 ng/mL (+ 45.4%) in the VD group and decreased from 16.9 ± 6.7 to 13.8 ± 6.0 ng/mL (− 18.5%) in the placebo group (p < 0.001). There was a decrease (− 21.3%) of PTH levels in the VD group with a significant difference between groups at the end of the study (p < 0.001). No significant differences were observed in the other laboratory parameters (total calcium, AP, and calciuria) in either group (p > 0.05). A comparison of bone turnover markers showed a significant reduction in of s-CTX (− 24.2%, p < .0001) and P1NP (− 13.4%, p = 0.003) levels in the VD group. No significant variations in bone turnover markers were observed in the placebo group (s-CTX, − 6.9%, p = 0.092 and P1NP, − 0.6%, p = 0.918). Conclusion In younger postmenopausal women with VD deficiency, isolated supplementation with 1000 IU of vitamin D3 for 9 months is associated with a reduction in bone turnover markers. However, any between-group differences was not observed in bone turnover markers.
Introduction
The bone is a metabolically active tissue that undergoes continuous renewal through the formation and resorption of bone [1] . This dynamic process is called bone remodeling. The rate of bone resorption increases in postmenopausal women, enhancing the impact of the imbalance in bone remodeling [2] . Growing evidence suggests that a rapid bone remodeling, evaluated by biochemical markers of bone resorption and formation, increases bone fragility and the risk of osteoporotic fractures [3] . Biochemical markers of bone remodeling permit the dynamic assessment of bone activity and health [4, 5] . Although they cannot be used for the diagnosis of osteoporosis, high levels of bone turnover markers indicate more rapid loss of bone mineral density (BMD) and are associated with an increased risk of osteoporotic fractures regardless of BMD in postmenopausal women [6, 7] . Markers of bone remodeling respond rapidly to therapeutic intervention and these changes have been associated with the response of bone to therapy and with a reduction in fracture risk [8] .
Vitamin D is essential for maintenance of the skeleton, for calcium absorption, and for regulation of the parathyroid [9] . The active form of vitamin D regulates the transcription of an expressive number of genes that encode calcium transport proteins and bone matrix proteins [10] . Measurement of 25-hydroxyvitamin D [25(OH)D] is nowadays the most suitable method to evaluate and monitor vitamin D status in the human organism, since its plasma levels are the main indicator of body reserves [11, 12] . Vitamin D deficiency is defined when the plasma concentrations of 25(OH)D are below the threshold considered to be sufficient to maintain normal secretion of parathormone (PTH) by the parathyroids [13] . In the case of vitamin D deficiency, an elevation of circulating PTH is observed, which results in secondary hyperparathyroidism accompanied by a reduction in the active form of vitamin D to 1,25-dihydroxyvitamin D [1, 25(OH) 2D] and by an increase in bone resorption [11] . Studies analyzing the relationship between bone health and vitamin D estimate that the desirable concentration of 25(OH)D is at least 30 ng/mL, with lower values being correlated with secondary hyperparathyroidism and a consequent reduction in bone mass [13, 14] . However, current recommendations show no consensus with regard to the optimal vitamin D status [14] . The Endocrine Society suggests serum 25(OH)D concentrations above 30 ng/mL for at risk populations, including the elderly, to support the possible effect on bone metabolism [15] . In contrast, the Institute of Medicine (IOM) defines serum 25(OH)D levels of 20 ng/mL as adequate, reflecting a level that is more than adequate for the needs of the general population [16] . However, there is general agreement that vitamin D supplements are needed to meet the requirements of postmenopausal women and the elderly population.
While vitamin D supplementation is widely used to prevent and to treat musculoskeletal diseases, it has to be acknowledged that data on vitamin D, BMD, and fracture risk are abundant but heterogeneous. This fact might be explained by the type, dose, and duration of vitamin D, as well as by the starting 25(OH)D level as a potential determinant of the effect of supplementation [17, 18] . Furthermore, most randomized and controlled studies that evaluated the effect of vitamin D supplementation on bone mass included the association with calcium, a fact that makes it difficult to identify the effects specifically attributable to vitamin D [9] . A metaanalysis of 29 studies on supplementation with calcium plus vitamin D or calcium alone suggests that a daily supplementation with 1200 mg calcium combined with 800 IU of vitamin D results in a reduction in fracture rates and in a moderate increase in BMD [19] . Another meta-analysis comprised 23 studies that compared interventions differing only in vitamin D content and that included adults (average age > 20 years) without other metabolic bone diseases. A small benefit of vitamin D supplementation on BMD at the femoral neck was observed, which was heterogenous among trials, but no effect at any other site was reported [20] .
Since vitamin D is a well-established bone nutrient, markers of bone formation and turnover have been considered indicators of long-term vitamin D status [21] . A high bone turnover in vitamin D-deficient individuals has been reported in observational studies [22] . However, relatively limited and inconsistent data are available regarding the separate effects of vitamin D on bone turnover markers in different populations of both sexes [17, 18, [22] [23] [24] . Only one intervention study examined the effect of vitamin D supplementation alone on bone turnover in postmenopausal women [17] . Thus, more research is needed to establish the responses of bone markers to changes in vitamin D status [21] .
We hypothesized that the improvement of low vitamin D status in postmenopausal women will affect their bone markers. The aim of the present study was to evaluate the effect of vitamin D supplementation alone on bone turnover markers in Brazilian postmenopausal women.
Methods

Study design and sample selection
This study was a randomized, double-blind, placebocontrolled clinical trial. The population studied consisted of patients seen between September 2013 and February 2014 at the Climacteric and Menopause Outpatient Clinic of the Botucatu Medical School-UNESP, who were taking part in a vitamin D intervention study to investigate the risk of falls, postural balance control and muscle function. Details of this study have been reported previously [25, 26] . In the present study, we investigated all 160 postmenopausal women of the previous studies. Women aged 50 to 65 years who have not had a menstrual period for at least 12 months and with BMD higher than − 1.5 SD were included in the study. Criteria for exclusion were BMD T-scores of the total spine and/or femoral neck ≤ − 1.5 SD; musculoskeletal disease; renal failure (creatinine > 1.4 mg/dL); liver disorders; cancer; abusive alcohol consumption; grade III obesity; use of bisphosphonate, estrogen, fluoride, tamoxifen, and calcitonin; primary hyperparathyroidism or hypercalciuria; and use of pharmacological doses of vitamin D or hormone therapy. Informed consent was obtained from all participants, and the study was approved by the Research Ethics Committee of the Botucatu Medical School, UNESP. The study was registered at the Brazilian Clinical Trials Registry under the registration number RBR222wfk. This trial was conducted in accordance with the Consolidated Standards of Reporting Trials (CONSORT) 2010 statement [27] .
Randomization and supplementation protocol
After initial screening, all participants were given a number (1-160) according to their order of inclusion in the study. Central computer randomization was conducted using a specific software (SAS 9.2 for Windows using Procedure Plan). The women were randomly assigned to two groups in a predetermined sequence: supplemented group consisting of patients receiving vitamin D3 supplementation (n = 80) and placebo group consisting of patients receiving placebo (n = 80). All participants started simultaneously in February/March 2014. The investigator and the patients were unaware of the group allocation and different numbers (blinding); only the pharmacist responsible for manipulation of the placebo knew to which group the patients belonged. Thus, 80 patients received five oral drops (each drop containing 200 IU, 20-mL flask) of 1000 IU of vitamin D3 (cholecalciferol, DePura®, Sanofi-Aventis, Brazil) for 9 months. The remaining 80 patients received five oral drops of placebo with the same characteristics and flavor (1% powdered lemon flavor, 0.2% EDTA, liquid flavor qs, and liquid petrolatum qs in 20 mL). The flasks were identical and were packed and coded by the pharmacist so that the participants could not identify the group. The participants were asked to return the flasks during each visit (every 3 months) to determine the amount of unused medication and compliance. The time of follow-up was 9 months, and the patients were submitted to clinical evaluation at baseline and at the end of the 9 months of follow-up. The flowchart shows the recruitment and randomization of the participants (Fig. 1 ).
Baseline measurements
Individual interviews were held with all participants, and the following data were collected: age, time since menopause, parity, current smoking, osteoarticular diseases, use of medications, and physical activity. Smokers were defined as persons who reported smoking, regardless of the number of cigarettes smoked. Women who performed aerobic exercise of moderate intensity for at least 30 min, five times a week (150/min/week), or resistance exercise three times a week were classified as active. All participants completed a 24-h dietary recall. These data were used to quantify dietary calcium intake. The participants were advised to maintain their usual dietary pattern during the study period.
Women screened n=458 Excluded: -Not meeting inclusion criteria (n=231) -Declined to participate (n=67) Randomized N=160
Placebo n=80
Vitamin D n=80
Discontinued intervention: -missed follow-up n=7 -Excluded due to medical reasons n=3
Discontinued intervention: -missed follow-up n=8 -Excluded due to medical reasons n=2
Analized Intention to treat n=80
Per protocol n=70 Analized Intention to treat n=80
Per protocol n=70 . Waist circumference was measured at the midpoint between the lowest rib and the top of the iliac crest, with the subject in the orthostatic position. Measurements were performed at the time of exhalation by a single examiner. Increased waist circumference was defined as a value higher than 88 cm [28] . Tscores (in standard deviations) of the lumbar spine and femoral neck were obtained from the bone densitometry reports of the last 12 months. BMD was measured by dual-energy X-ray absorptiometry at the lumbar spine (L1 to L4) and femoral neck using the Hologic® QDR-2000 system (Waltham, MA, USA).
Laboratory assessment
Serum levels of creatinine, total calcium, alkaline phosphatase (AP), and parathormone (PTH) were determined at baseline and after 9 months. Creatinine, total calcium, and AP were measured by dry chemistry in an automated Vitros 950® analyzer (Johnson-Johnson, Rochester, NY, USA). PTH was measured by chemoluminescence with an automated IMMULITE 2000® immunoassay system (Diagnostic Products Corporation, Los Angeles, CA, USA). The following normal range was considered: creatinine of 0.7 to 1.2 mg/dL, calcium of 8.4 to 10.2 mg/dL, AP of 36 to 126 U/L, and PTH of 11 to 65 pg/mL. Calcium in 24-h urine samples was analyzed by dry chemistry in an Uryxxon 300® apparatus (Düren, Germany).
The plasma concentrations of 25(OH)D were measured at baseline and after 9 months for the evaluation of bioavailability and treatment compliance. The 25(OH)D concentrations were determined by high-performance liquid chromatography (HPLC) using an isocratic HPLC system equipped with a Rheodyne® manual injector (model 7725i), a 20-μL loop, and a Waters UV-vis detector (model M-484). An RP 18 column (4.0 mm × 15 cm, 5-μm particle size; Sigma-Aldrich, St. Louis, MO, USA) was used. The detection limit was 2.5 ng/mL, and the coefficient of variation was < 7%. Serum 25(OH)D levels were classified as normal (≥ 30 ng/mL), insufficiency (20-29 ng/mL), and deficiency (< 20 ng/mL) [29] .
The markers of bone turnover were determined at baseline and after 9 months. Serum C-terminal cross-linked telopeptide of type I collagen (s-CTX) was used as the marker of bone resorption and was measured with the Elecsys β-CrossLaps Serum Assay (Roche Diagnostics, Indianapolis, IN, USA) by electrochemiluminescence (ECLIA) in an automated Roche™ Elecsys apparatus. This assay is specific for crosslinked isomers of type I collagen fragments, irrespective of their nature. The specificity of the test is ensured by the use of two monoclonal antibodies that recognize β-8AA octapeptides in a linear manner. Thus, the method quantifies the beta form of aspartic acid of C-terminal telopeptides (β-CTX) [30] . The reference range of s-CTX for premenopausal women is 0.11 to 0.63 ng/mL [31] . Procollagen type 1 amino-terminal propeptide (P1NP) was used as the marker of bone formation and was measured with the Elecsys Total P1NP Kit (Roche Diagnostics, Mannheim, Germany) by ECLIA in an automated Roche™ Elecsys apparatus. Procollagen type 1 contains N-(amino) and C-(carboxy) terminal extensions. These extensions (propeptides) are removed by specific proteases during the conversion of procollagen into collagen and subsequent incorporation into the bone matrix. The extension measured with this assay is the amino-terminal propeptide. P1NP is released as a trimeric structure (derived from the trimeric structure of collagen), but is rapidly broken down to a monomeric form by thermal degradation. The Elecsys P1NP assay detects the two fractions present in blood and is therefore called total P1NP. The reference range of P1NP for premenopausal women is 16.3 to 78.2 ng/mL [31] . The coefficient of variation for the two assays (s-CTX and P1NP) is less than 5%. The analytical sensitivity according to the manufacturer of the kits is 0.01 ng/ml for s-CTX and < 5 ng/mL for P1NP.
Statistical analysis
Sample size calculation was based on the study of Grados et al. [32] , which demonstrated a 40% reduction in mean CTX levels after supplementation with vitamin D and calcium. Assuming a 95% confidence interval, a power of the test of 80% and correlation between times of 0.3 to detect a difference between values, a minimum of 77 women per group was estimated. Intention-to-treat analysis was used as the statistical method. The Shapiro-Wilk test was applied to determine whether the variables showed a normal distribution and the Levene test to determine homogeneity. The mean and standard deviation were calculated for quantitative variables and frequency and percentage for qualitative variables. The initial clinical, anthropometric, and biochemical variables were compared between groups using the Student's t test and gamma distribution (asymmetric). For comparison of the biochemical parameters between time points (baseline and after 9 months) and between groups, a repeated measures design over time (ANOVA) was used, followed by Tukey's multiple comparisons test adjusted for the group × time interaction. The bone turnover markers were compared between time points and groups using a repeated measures design for the asymmetric variables assuming a gamma distribution, followed by the Wald test for multiple comparisons. The absolute change was determined by subtracting final values from baseline and is expressed as percentage of relative variation. Adherence to the study medication was evaluated based on returned pills. The statistical tests were two tailed/bilateral, and the significance level was set at 5%. Analyses were performed using the Statistical Analysis System (SAS) 9.2 software. Table 1 shows the comparison of baseline clinical, anthropometric and laboratory variables between women receiving vitamin D supplementation (VD group, n = 80), and placebo (n = 80). The groups were homogenous for all variables analyzed (p > 0.05). The mean age of the participants was 58.8 ± 6.6 years in the VD group and 59.3 ± 6.7 years in the placebo group (p = 0.654), with a time since menopause of 12.0 ± 8.8 and 12.3 ± 8.4 years (p = 0.804), respectively. In both groups, the women were classified on average as overweight (BMI 25 to 29.9 kg/m 2 ) and to have central fat deposition (waist circumference > 88 cm). The estimated mean dietary intake of calcium was higher than 700 mg/day and no difference was observed between groups. The mean BMD at the two sites evaluated was normal in all participants. In both groups, the mean levels of 25(OH)D indicated vitamin D deficiency. Mean creatinine, calcium, AP, and PTH concentrations were within the normal range (Table 1) . Smoking was reported by 26.2% of the participants in the supplemented group and by 21.2% in the placebo group, and regular physical activity was reported by 31.2 and 26.5% of the participants, respectively, with no differences between groups (data not shown). Table 2 shows the comparison of laboratory variables between groups and time points. There was a significant increase (+ 45.4%) in plasma 25(OH)D concentration in the group supplemented with vitamin D, while a decrease (− 18.5%) was observed in the placebo group, with a significant difference between groups (p = 0.049) and time points (p < 0.001). The PTH levels decreased by 21.3% in the supplemented group (p < 0.001) and increased by 8.5% in the placebo group (p = 0.493), with a significant difference between groups (p = 0.002) at the end of the study (Table 2) . In both groups, no significant differences were detected in alkaline phosphatase or calciuria ( Table 2) . Stratification of plasma 25(OH)D concentrations showed that 62.5% of the women in the placebo group had vitamin D insufficiency versus 26.3% in the supplemented group. Vitamin D deficiency was only observed in the placebo group in 21.3% of the participants (data not shown).
Results
Comparison of the bone remodeling markers showed a significant reduction between time points in s-CTX (− 24.2%) (p < 0.0001) and P1NP (− 13.4%) (p < 0.003) only in the group supplemented with vitamin D (Table 3) . However, there was not any between-group differences observed in bone turnover markers. And no variations between time points were observed in the placebo group (s-CTX, − 6.9%, p = 0.092, and P1NP, − 0.6%, p = 0.918).
The rate of adherence to the study medications was 92%, with no differences between treatment groups (vitamin D or placebo). Twenty-one of the 160 women analyzed dropped out of the study over the 9 months (Fig. 1) . The reported adverse events were mild and equally distributed between the supplementation and placebo groups. Two participants in the VD group and three participants in the placebo group withdrew from the study due to gastrointestinal complaints and epigastric pain. No other adverse effects were reported.
Discussion
In the present study involving younger postmenopausal women with vitamin D deficiency, daily isolated supplementation with 1000 IU of vitamin D alone for 9 months resulted in a reduction of bone remodeling markers in the group supplemented. Biochemical markers of bone remodeling have been useful tools in bone mass assessment for more than two decades [20, 33] . At the end of the 9 months, we observed a reduction of 24.2% in serum s-CTX, of 13.4% in P1NP, and of 21.3% in PTH only in the group supplemented with vitamin D. Only PTH differed from the placebo group at the end of the study. In addition, we found an increase in serum 25(OH)D levels in supplemented women, demonstrating their adherence to treatment.
Vitamin D deficiency impairs bone mineralization due to inefficient absorption of dietary calcium and phosphorus and is associated with an increase in serum PTH concentration [21] . In the present study, supplementation with 1000 IU of vitamin D resulted in an increase of plasma 25(OH)D concentration and in a reduction of serum PTH levels. Our findings agree with the results of previous trials [17, 22, 32, 34, 35] . Garnero et al. [34] investigated associations between serum 25(OH)D, bone turnover markers, and BMD in 669 postmenopausal women (mean age 62.2 years) who belonged to a population-based cohort followed up prospectively for a median of 11.2 years. The authors found no positive correlation between 25(OH)D levels and BMD or bone markers, except for a reduction in PTH [34] . The supplemental forms of vitamin D 3 are metabolized in sequential hydroxylations in the liver and kidneys to 1,25(OH) 2 D, the active form of vitamin D [21] . Together with the intracellular vitamin D receptor (VDR), 1,25(OH)2D exerts important biological functions throughout the body. In the intestine, it binds to VDR to facilitate calcium and phosphorus absorption; in the kidney, 1,25(OH)2D stimulates the PTH-dependent tubular reabsorption of calcium; in bone, PTH and 1,25(OH)2D interact to activate osteoclasts responsible for bone resorption. Furthermore, 1,25(OH)2D suppresses PTH gene expression and inhibits the proliferation of parathyroid cells [21] .
In present study, we observed a reduction of 24.2% in serum s-CTX and of 13.4% in P1NP only in the group supplemented with vitamin D. However, we did not observe any between-group differences in circulating bone turnover markers. Some studies have evaluated the effect of isolated supplementation with vitamin D on markers of bone remodeling [18, [22] [23] [24] 36] , and only one study [17] was conducted on postmenopausal women, a fact impairing comparison with our results. MacDonald et al. [17] studied 305 women aged 60 to 70 years who were randomized to receive 400 or 1000 IU of vitamin D or placebo for 12 months. At the end of treatment, PTH was reduced in both treatment groups compared to placebo. Bone loss in the hip was greater in the placebo group (− 0.6%) and in the group receiving 400 IU of vitamin D (− 0.6%) compared to the group receiving 1000 IU of vitamin D (− 0.05%). No differences between groups were found in the lumbar spine or in the markers of bone metabolism [17] . Similar to our result, MacDonald et al. observed no differences in bone remodeling markers (P1NP and s-CTX) between groups. The authors suggested that 25(OH)D may not accurately reflect clinical outcome, nor how much vitamin D is being stored [17] . The type, duration and dose of vitamin D used in the supplementation, and the body stores of vitamin D may explain the discrepancy between the results between studies. Schwetz et al. [18] examined the effects of vitamin D supplementation on bone turnover markers in a doubleblind, randomized, placebo-controlled trial. One hundred ninety-seven participants (60.2 ± 11.1 years; 47% women) with 25(OH)D levels < 30 ng/mL were randomized to receive daily doses of 2800 IU of vitamin D or placebo for 8 weeks. Vitamin D had no significant effect on CTX or P1NP. In patients with low 25(OH)D levels, the authors observed no significant effect of vitamin D supplementation for 8 weeks on bone turnover markers [18] . On the other hand, Rossini et al. [36] reported a dosedependent effect of vitamin D supplementation on bone markers. The authors investigated the impact of high doses of vitamin D in 37 older adults (mean age of 75 years) of both sexes who were randomized to receive a single oral dose of 600,000, 300,000 or 100,000 IU of vitamin D and compared to 34 controls. Blood measurements were obtained over a period of 90 days. The administration of 600,000 IU resulted in a significant increase of s-CTX. Lower s-CTX elevations were obtained with the lower doses, which reached significance with the dose of 300,000 IU. No relevant alterations in bone remodeling were observed in the control group. These results indicate that vitamin D doses higher than 100,000 IU may be associated with acute increases in bone resorption [36] .
The vitamin D status of the human organism is evaluated based on blood 25(OH)D concentrations. In the present study, baseline 25(OH)D levels were well below the desirable standards in the women investigated, classifying them as vitamin D insufficiency (< 20 ng/mL). At the end of the 9 months of vitamin D supplementation, mean plasma concentrations of 27.5 ng/mL were achieved. On the other hand, a reduction in plasma concentrations was observed in the unsupplemented group, reaching vitamin D deficiency. The population studied in this clinical trial consisted of postmenopausal women without osteopenia/osteoporosis who received daily doses of 1000 IU of vitamin D according to the recommendation of 800-1000 IU/day for postmenopausal healthy women to maintain sufficient plasma concentrations of 25(OH)D [16] . Grimes et al. [37] evaluated the effect of supplementation with a high dose of vitamin D (6,500 IU/day) compared to the standard dose (800 IU/day) on BMD and bone remodeling (P1NP and s-CTX) in 297 postmenopausal women with a Tscore of − 2.0 SD in the lumbar spine and/or femoral neck. All participants received 1000 mg calcium. No changes in BMD were observed after 1 year of follow-up. Although the markers of bone remodeling were reduced in both groups, the decrease in P1NP was more pronounced in the group receiving the standard dose of vitamin D. The authors concluded that the higher dose is not superior to the standard dose in terms of the effect on bone remodeling [37] . However, postmenopausal women with risk factors for hypovitaminosis D should receive adequate and individualized treatment.
The present clinical trial used P1NP and s-CTX as markers of bone turnover to evaluate the effect of isolated supplementation with vitamin D in postmenopausal women with normal bone mass. The markers of bone formation and resorption derived from collagen can be useful for the diagnosis and monitoring of a series of diseases characterized by changes in bone metabolism [8] . Bone formation markers are enzymes or direct or indirect (procollagen) products of active osteoblasts and are generally characterized by moderate biological variability. An important bone formation marker is P1NP, which corresponds to one of the terminal portions of the procollagen molecule that is released into the bloodstream during the synthesis of type I collagen. Its serum concentration reflects bone synthesis [38] [39] [40] . Cross-linked molecules of type I collagen are currently the best biochemical markers of bone resorption [41] . The carboxy-and amino-terminal telopeptides (ends of the protein chain) of type I collagen, whose proteins chains are cross-linked through pyridinoline compounds, are released during collagen degradation, giving origin to the carboxyterminal (CTX) and amino-terminal (NTX) telopeptides of type I collagen. Serum CTX shows an important correlation with bone dynamics [39] . The International Osteoporosis Foundation (IOF) and the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) recommend the use of a marker of bone formation (serum procollagen type I N-terminal propeptide, P1NP) and a marker of bone resorption (s-CTX) as reference analytes for bone turnover markers in clinical studies [41] .
The present study has some limitations. The first is related to the representativeness of the sample. Since a group of postmenopausal women attending a public health service were studied, it can be assumed that they are periodically seen by medical professionals and have constant access to general healthcare. The second limitation is related to the effective and true control of the correct use of supplements, although instructions on the route of administration and return of empty flasks indicating complete consumption of the product were provided.
On the other hand, some strengths of the study should be highlighted such as the use of HPLC for the measurement of 25(OH)D, which is considered the gold standard in detecting 25(OH)D levels in plasma. While commercial automated immunoassays show variable specificity for 25(OH)D2 and D3, HPLC is more specific and is able to detect 25(OH)D2 and D3 separately [42] . The type of population studied, i.e., postmenopausal women younger than 65 years, is another strength of the study, making important contributions to the elaboration of isolated vitamin D supplementation strategies designed to prevent or at least to delay the loss of bone mass and to reduce the fracture risk in this population at risk of osteoporosis.
In conclusion, in postmenopausal women with vitamin D deficiency, isolated supplementation with 1000 IU of vitamin D3 for 9 months may be is associated with a reduction in bone turnover markers. However, it was not observed any betweengroup differences in bone turnover markers. 
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